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Figure 3 - Bros Proof Roller Used For Seating 

Table II 

Research Sections 

1.2 m x 1.5 m 10 cm 52+79 - 60+59 

(4 ft x 5 ft) (4 in) 

None 7.6 cm 60+59 - 70+59 

(3 in) 

None 5 cm 70+59 - 80+59 

(2 in) 

0.6 m x o. 9 m 7.6 cm 80+59 - 106+49 

(2 ft x 3 ft) (3 in) 

1. 2m x 1. 5m 7.6 cm 106+49 - 132+39 

( 4 ft x 5 ft) (3 in) 

238 m 

(780 ft) 

305 m 

(1000 ft) 

305 m 

(1000 ft) 

789 m 

(2590 ft) 

789 m 

(2590 ft) 
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The three test sections were cracked and seated into additional 

subsections as follows (see Table II): 

5A. Sta. 132+39 to Sta. 116+00: two passes per lane with 

breaker, 39.4 cm (15.5 in) drop, 1.8 m (6 ft) space betweeri 

drops to obtain 1.2 m x 1.5 m (4 ft x 5 ft) pieces. This 

produced continuous longitudinal cracks (Figure 4). 

Figure 4 - Cracking Pattern 
Sta. 132+39 to Sta. 116+00 



8 

SB. Sta. 116+00 to Sta. 106+49-SB lane: one pass with breaker, 

46 cm (18 in) drop, 1.7 m (5.5 ft) to 1.8 m (6 ft) space 

between drops to obtain 1.2 m x 1.5 m (4 ft x 5 ft) pieces. 

There were some problems with longitudinal cracking and 

crack uniformity for the entire 1/2 lane. 

4A. Sta. 116+00 to Sta. 106+49-NB lane: one pass with breaker, 

39.4 cm (15.5 in) drop, 1..7 m to 1.8 m (5.5 ft to 6 ft) 

space between drops to obtain 1.2 m x 1.5 m (4 ft x 5 ft) 

pieces. The pavement did not crack uniformly at centerline. 

4B. Sta. 106+49 to Sta. 106+00-NB lane: two passes with 

breaker, 61 cm (24 in) drop, 1.1 m (3.5 ft) space between 

drops to obtain 0.3 m x 0.3 m (1 ft ~ 1 ft) pieces. The 

intended size was 0.6 m x 0.9 m (2 ft x 3 ft) pieces. 

4C. Sta. 106+00 to Sta. 95+00-NB lane: two passes with breaker, 

44.5 cm (17.5 in) drop, 1.2 m (4 ft) space between drops to 

obtain 0.6 m x 0.9 m (2 ft x 3 ft) pieces. This produced 

continuous longitudinal cracks. 

40. Sta. 95+00 to Sta. 80+59-NB lane, and Sta. 106+49 to 

Sta. 100+00 SB lane: two passes with breaker pe~ lane, 

34.3 cm (13.5 in) drop, 1.2 m (4 ft) space between drops to 

obtain 0.6 m x 0.9 m (2 ft x 3 ft) pieces. Piece size fell 

below the intended 0.6 m x -0.9 m (2 ft x 3 ft) size in some 

areas. 
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4E. Sta. 100+00 to Sta. 80+59-SB lane: one pass per lane and 

one pass on centerline with breaker, 34.3 cm (13.5 in) drop, 

1.2 m (4 ft) space between drops to obtain 0.6 m x 0.9 m 

(2 ft x 3 ft) pieces. This produced very good results. 

lA. Sta. 60+59 to Sta. 52+79-both lanes: one pass per lane and 

one pass on centerline with breaker, 34.3 cm (13.5 in) drop, 

1.8 m (6 ft) space between drops to obtain 1.2 m x 1.5 m 

(4 ft x.5 ft) pieces. Depth of cracking in this- area was 

verified by core samples (Figure 5). 

Figure 5 - Cores Taken From Sta. 60+59 to Sta. 52+79 
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PREPARATION OF BASE 

After cracking and seating, all existing asphalt surface patches 

were removed. The base was then swept and all cracks were blown 

out with an air compressor to remove all loose foreign material. 

PATCHES, ASPHALT CEMENT CONCRETE 10 mm (3/8 in> MIX 

The contractor applied a RC-70 tack coat on the PCC pavement at 

the rate of 450 cm 3 /m 2 (0.10 gal per sq yd}. The contractor then 

placed 48 metric tons (53 tons} of asphalt cement concrete (ACC} 

10 mm (3/8 in} mix with.a motor pat~ol and compacted it with two 

pneumatic-tired rollers. The 10 mm (3/8 in} mix was applied to 

fill all existing cracks and depressions (Figure 6). This 

interlocks the pieces in the existing PCC pavement and reduces 

the amount of movement of the irregular ~ieces of broken 

concrete. It also reduces the expected depressions over existing 

transverse cracks created by the vibratory roller on the new 

surface. 



Figure 6 

Cracks filled 
with 10 mm 
(3/8 in) mix 
on existing PCC 
surf ace 
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TYPE B, CLASS I ASPHALT CEMENT CONCRETE RESURFACING 

The contractor placed the ACC overlay in two lifts varying in 

depth from 3.8 cm (1.5 in) to 5 cm (2 in), except from 

Sta. 70+59 to Sta. 80+59, which was placed in one 5 cm (2 in) 

lift. The asphalt overlay was placed full width 6.7 m (22 ft) 

with a Blaw-Knox P':yer. One vibratory and one static ~teel 

roller was used to obtain the required 97% of lab density. 
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ROAD RATER SUMMARY 

Road Rater™ testing has been conducted annually on the entire 

project. The Road Rater is a dynamic deflection measuring device 

used to determine the structural adequacy of pavements 

(Figure 7). The difference in pavement structural ratings from 

year to year may be explained by the fact that annual testing is 

performed in the outside wheeltrack during the months of April 

and May when the roadway exhibits the greatest instability. 

Thus, the structural rating can vary from one year to the next 

depending upon the amount of moisture in the soil at the time of 

testing. For the most part, a high structural rating will 

correspond with a thicker overlay. 

There are different ways of analyzing ·thi~ data. Tabl~ III shows 

the average annual structural rating as well as the overall 

average per test section. The difference in results seems to be 

statistically insignificant. 

Table III 

Road Rater summary 

1 2.94 2.90 2.90 2.68 2.32 2.75 

4 2.89 2.87 2.80 2.59 2.22 2.67 

5 2.85 2.65 2.68 2.28 2.06 2.so 



13 

The data may also be analyzed with the cracking pattern and 

frequency of cracking taken into account. Figure 8 indicates a 

higher structural rating when only 1 pass per lane is made with 

the breaker unit for the 0.6 m x 0.9 m (2 ft x 3 ft) cracking 

pattern. The same holds true for the 1.2 m x 1.5 m (4 ft x 5 ft) 

cracking pattern in Figure 9. 

Another important aspect worth noting .is the average loss in 

structural capacity as a result of the crack and seat process. 

Deflection measurements were taken both before and after the c & 

s process for analysis (Table IV). The data indicates an average 

loss of structural capacity between 34 and 38 percent when 

comparing cracking patterns or the frequency of cracking per 

lane. 

Figure 7 



1 pass/lane .6m x 

& on ~ (2 ft x 

1 pass/lane 1.2m x 

& on~- (4 ft x 

2 pass/lane .6m x 

(2 ft x 

2 pass/lane 1.2m x 

(4 ft x 

1 pass/lane 1. 2m x 

(4 ft x 
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Table IV 

Structural Capacity 

.9m 2.70 1. 75 

3 ft) 

1.5m 2·. 43 1. 54 

5 ft) 

.9m 2.56 1. 51 

3 ft) 

1.5m 2.68 1.88 

5 ft) 

1.5m 2.22 1.41 

5 ft) 

2.30 35 

2.11 37 

2.03 41 

2.22 30 

1. 88 36 
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Road Rater Summary -- Hamilton County 
. 0.8m x 0.9m (2'x3' Pieces) 
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Figure 8 

Road Rater Summary -- Hamilton County 
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Figure 9 
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CRACK SURVEY 

A detailed crack survey of the underlying PCC pavement was 

conducted prior to the overlay, as were annual surveys since the 

completion of the project in 1986. Table V shows the comparison 

between sections of total meters of cracks and joints per road 

station. 

Table V 

Total Meters of Cracks and Joints 

per Road Station 

f~:r; 

1 15 66 

2 20 62 

3 12 62 

4 15 54 

5 17 52 

The annual crack surveys were analyzed and the percentage of 

reflected cracks (joints as well as the percentage of new cracks 

per road st~tion) were determined. 

Figure 10 indicates that test section 4 experienced the least 

severity of reflective transverse cracking even out-performing 

section 1 with a 10 cm (4 in) ACC overlay. Accordingly, the 

control section 3 with only a 5 cm (2 in) overlay exhibited the 

greatest severity of reflective and new transverse cracking. 
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Transverse Cracking -- Hamilton County 
8-Year Cumulative Percentage of New and 

Reflected Cracks Per Station 
% Refl1~ive Crocks/ Joints 117 

100 

80 

60 

40 

20 

Sections 

Figure 10 

58 

~ Reflective 

IZJ New 

Figure 11 shows that test section 4 also experienced the least 

severity of reflective longitudinal cracking. Again, control 

section 3 exhibited the greatest severity of reflective 

longitudinal cracking. It is interesting to note that test 

section 1 with a 10 cm (4 in) ACC overlay fared slightly worse 

than section 4 with a 7.6 cm (3 in) overlay. 
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Longitudinal Cracking -- Hamilton County 
8-Year CumulatlvePercentage of New and 

Reflected Cracks per Station 
% Ret1e7ive Cracks/ Joints 68 

60 

50 

40 

30 27 

20 17 

10 

Sections 

Figure 11 

DISCUSSION 

24 

183 Reflective 

IZI New 

The c & s method of pavement rehabilitation, at the time of 

construction, lacked an established structural design criteria. 

Since that time, however, a new design guide was put out by the 

American Association of State and Highway and Transportation 

Officials (AASHTO) in 1986 to address this rehabilitation 

technique. . . \ 
The overlay thicknesses chosen for this·proJect, 

however, were based on engineering judgement and experience 

derived from pr_evious overlay projects. 
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A major design consideration was the optimum size of cracked 

pieces. Typically, smaller pieces reduce the amount of 

reflection cracking due to thermal effects. However, cracked 

pieces that are too small may reduce the overall structural 

strength of the concrete. The objective of this research project 

was to evaluate the effectiveness of various cracking sizes and 

patterns with different thicknesses of ACC overlays. 

It is interesting to note that C & S test section 1 with the 

10 cm (4 in) overlay thickness had actually a higher percentage 

of reflected cracks over the joints than section 4 with a 7.6 cm 

(3 in) .ACC overlay. The significant difference is that section 4 

had nominal 0.6 m x 0.9 m (2 ft x 3 ft) pieces compared with 

nominal 1.2 m x 1.5 m (4 ft x 5 ft) pieces in section 1. This 

seems to support empirical data from other c & s projects 
I 

nationally that cracked slab lengths of 60 cm (24 in) to 107 cm 

(42 in) are most effective in reducing initial reflective cracks. 

Note that the control section 2 had less severe transverse 

overall cracking than test section 1 with a 10 cm 

(4 in) overlay thickness. 

The Iowa DOT Road Rater™ results for structural capacity further 

support empirical data concerning the optimum range or size of 

slab pieces. A glance at Table III indicates that even though 

both section 4 and 5 have a 7.6 cm (3 in) ACC overlay, section 4 

with the 0.6 m x 0.9 m (2 ft x 3 ft) pieces had consistently 

higher structural ratings than section 5 with 



I 

20 

1.2 m x 1.5 m (4 ft x 5 ft) pieces. Only section 2 had a 

significantly higher structural rating. A 7.6 cm (3 in) ACC 

overlay coupled with adequate subgrade support may explain this 

higher structural value. 

The actual cost for the crack and seat procedure on this project 

was a reasonable $0.66 per square meter ($0.55/sq. yd.). The 

cost for other projects may be higher according to the experience 

of the contractor. The cost effectiveness of additional overlay 

thickness over cracked and seated PCC pavements may be determined 

with more years of observation. 

CONCLUSIONS 

1. The best cracking pattern to retain aggregate interlock was. 

obtained with one pass per lane and one pass on centerline 

with the breaker. The optimum drop height was 34 cm (13.5 

in) with a spacing between drops of 1.2 m to 1.8 m (4 ft to 6 

ft) depending upon the piece size desired. "This cracked the 

15 cm (6 in) PCC pavement full depth but left the aggregate 

interlocked. 

2. The most effective cracking size in retarding reflective 

cracking was the area of 0.6 m x 0.9 m (2 ft x 3 ft). 

3. Crack and seat section 4 with 0.6 m x 0.9 m (2 ft x 3 ft) 

pieces and a 7.6 cm (3 in) ACC overlay exhibited an average 

33 percent reduction in new and reflective transverse 

cracking per road station after 6 years when compared to 
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control section 2 with the same overlay thickness. However, 

roughly 42 percent of the underlying cracks/joints still 

reflected through after 6 years. 

4. crack and seat section 4 also exhibited an average 52 percent 

reduction in new and reflective longitudinal cracking per 

road station after 6 years when compared to control section 2 

with the same overlay thickness. Additionally, only 3 

percent of the underlying longitudinal cracks/joints 

reflected through after 6 years. 

5. The crack and seat procedure resulted in an average 34~38 

percent loss of pavement structural capacity prior to 

overlaying. This was true whether comparing between cracking 

pattern sizes or frequency of passes with the pavement 

breaker. 

6. In all instances, the crack and seat procedure did delay or 

reduce reflection cracking when compared to the control 

sections. 

RECOMMENDATIONS 

1. Try thicker ACC overlays placed over c & s sections with a 

minimum 10 cm (4 in) thickness. 

2. Use a softer grade asphalt cement (i.e., AC-5) on low volume 

roads to reduce reflection cracking due to climatic effects. 

··4· .. 
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A separate test section should be constructed to validate thJ, 

specified cracking pattern desired before proceeding with the 

entire project. 

4. Traffic should not be allowed to travel over the cracked and 

seated pavement where subgrade support is poor. This may 

cause unseating of the pieces. 

5. Cracked sizes of 0.6 m to 0.9 m (2 ft to 3 ft) _seem to be 

most effective at delaying reflective cracking. However, the 

environment, age of the pavement, and traffic all need to be 

considered for.each individual project. 
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APPENDIX B 

1986 Special Provisions for PCC 

Cracking and Seating 
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SPECIAL PROVISIONS FOR PCC CRACKING & SEATING 

1. DESCRIPTION: The work shall consist of cracking and seating 

existing concrete pavement as specified on the plans prior to 

the placement of a Type B, Class I asphalt cement concrete 

base overlay. 

2. EQUIPMENT: The device to be used for cracking the concrete 

pavement will be an impact hammer. The hammer should be 

capable of producing enough energy to create hairline cracks 

throughout the full depth of the existing pavement. The 

hammer shall be equipped with a plate-type shoe designed to 

prevent penetration into the existing surface. Care shall be 

taken to prevent the formation of spalled areas and 

continuous longitudinal cracks. 

After breaking, the broken concrete shall be rolled with a 

pneumatic-tire proof roller weighing a minimum of 4'5,400 kg 

(50 tons). The roller shall be one of the following types: 

(1) The roller may be a pneumatic tire roller 

consisting of four rubber-tired wheels equally 

spaced across the full width and mounted in line 

on a rigid steel frame in such manner that all 

wheels carry equal loads, regardless of surface 

irregularities. Roller tires shall be capable of 

satisfactory operation at a minimum inflation 

pressure of 690 kPa (100 psi), and tires shall be 

inf lated to the pressure necessary to obtain 
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proper surf ace contact pressure to satisfactorily 

seat pavement slabs. At the contractor's optiori, 

tires may contain liquid. The roller shall have a 

body weight suitable for ballasting to a gross 

load of 45,400 kg (50 tons), and ballast shall be 

such that gross roller weight can be readily 

determined and so controlled as to maintain a 

gross roller weight of 45,400 kg (50 toris). The 

roller shall be towed with a rubber-tired prime 

mover. 

(2) The roller may be a two-axle self-propelled 

pneumatic-tired roller, providing the roller is 

equipped ·with no more than 7 tires, and the 

requirements in (1) above concerning tire inflation 

pressure, surface contact pressure, and 45,400 kg (50 

ton) gross weight are met. 

Rolling shall continue until surfac~ material is well seated and 

is thoroughly and uniformly compacted as directed by the 

engineer. 

3. CRACK VERIFICATION: The engineer will designate test 

sections. The contractor shall crack the test sections using 

varying energy and striking patterns until a satisfactory 

cracking pattern is established. The contractor shall 

furnish and apply water as directed by the engineer to verify 

that the specified crack pattern is being maintained. 
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Adjustments shall be made to the energy or striking pattern 

when the engineer deems it necessary, based on the check 

sections. The contractor is to furnish and apply water as 

incidental to cracking and seating. 

4. CLEANING: Prior to the placement of 10 mm (3/8 in) asphalt 

mix, the pavement shall be cleaned by power sweeping and air 

blowing (including removal of loose material from joints, 

cracks and bituminous patched areas) with 690 kPa (100 psi) 

nominal air pressure. 

5. MEASUREMENT AND PAYMENT: The area of existing PCC pavement 

acceptably cracked and seated will be measured in square 

yards. The width will be the actual width of the existing 

PCC pavement and the length will be measured horizontally 

along the centerline. Payment for the measured area at the 

contract unit price shall be full compensation for furnishing 

all labor, equipment, materials, water and incidentals 

necessary to acceptably crack and seat the existing PCC 

pavement. 
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APPENDIX C 

1992 Crack and Seat Specification 
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page 164 CRACKING AND SEATING CONCRETE PAVEMENT 2216.01 

Section 2216. Cracking and Seating Concrete Pavement 

2216.01 DESCRIPTION. 
This work shall consist of cracking and seating existing PCC pavement, prior to resurfacing 
with ACC. Associated work may include removal of an existing ACC overlay if present, 
subdrain construction, ACC resurfacing, and shoulder work. 

2216.02 EQUIPMENT. 
Cracking equipment shall be capable of producing the desired cracking pattern by providing 
a broad striking surface. Equipment that punches holes in the pavement or results in 

·excessive spalling of otherwise sound sections shall not be used. A blade or spade type 
breaker is recommended and may be required. 

Seating equipment shall be a roller meeting requirements of either Paragraph A or B, as 
follows: 

A. The roller shall be a pneumatic tired roller consistin~ of four rubber tired wheels 
equally spaced across the full width and mounted in line on a rigid steel frame in such 
manner that all wheels carry equal loads, regardless of surface irregularities. Roller 
tires shall be capable of satisfactory operation at a minimum inflation pressure of 100 
psi, and tires shall be inflated to the pressure necessary to obtain proper surface 
contact pressure to satisfactorily seat pavement slabs. At the Contractor's option, tires 
may contain liquid. 

The roller shall have a weight body suitable for ballasting to a gross load of 50 tons, 
and ballast shall be such that gross roller weight can be readily determined and so 
controlled as to maintain a gross roller weight of 50 tons. The roller shall be towed 
with a rubber tired prime mover. 

8. The roller shall be a two axle, self propelled, pneumatic tired roller, 
provided the roller is equipped with no more than seven tires, and the requirements in 
Paragraph A, above, concerning tire inflation pressure, surface contact pressure, and 
50 ton gross weight are met. 

Miscellaneous equipment shall include a means to dampen cracked pavement with water, 
a source of compressed air with 100 psi. pressure, a rotary broom described in Article 
2001.14, and various hand tools as needed. 

2216.03 REMOVAL OF EXISTING ASPHALT CEMENT CONCRETE OVERLAY. 
All asphaltic and other bituminous material existing on the pavement surface shall be 
removed from the area to be cracked before cracking. Removal shall be a continuous 
operation, but removal of asphaltic full depth patches is not required. Removal shall be to 
the underlying PCC pavement and in accordance with requirements of Section 2214, 
excluding Article 2214.05. 

Foamed material in existing pressure relief joints shall be removed prior to removal o.f the 
ACC overlay. · 

Scarification shall be to the full width of the lane, with a suitable runout at the end, before 
the lane is opened to public traffic. Scarification shall be planned and done so as to leave 
no vertical drop·off at the center line or lane line overnight. Where an overnight drop-off 
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results from unforeseen conditions, the approaches shall be signed with a ROAD WORK 
AHEAD sign, and the drop-off shall be marked with vertical'panels. The vertical panels 
shall be placed at 150 foot intervals in rural areas and at 50 foot intervals in urban areas, 
with a minimum of three vertical panels at each drop-off location. 

Additional scarification of the existing PCC pavement may be required at bridge 
approaches and other fixed objects, as designated in the contract documents. 

2216.04 PAVEMENT CRACKING. 
The existing PCC pavement shall be cracked so as to produce full depth, generally 
transverse. hairline cracks at a nominal spacing designated in the contract documents. 
When not designated, the spacing shall be 1-1 /2 feet to 3 feet. Induced cracking closer 
than 2-1/2 feet from an existing crack or joint or deteriorated concrete shall be avoided. 
Care shall be taken to prevent the formation of a continuous longitudinal crack. 

When cracking operations begin, the Engineer will designate test sections of approximately 
100 feet. The Contractor shall crack the test sections using varying energy and striking 
patterns until a satisfac''Jry cracking pattern is established. This energy and striking 
pattern shall then be used for the remainder of the project unless the Engineer determines 
that a satisfactory cracking pattern is no longer being produced. Adjustments shall then be 
made to the energy and/or striking pattern as necessary to re-establish a satisfactory 
cracking pattern. 

The Contractor shall furnish and apply water to the test area to dampen the pavement 
following cracking to enhance visual determination of the cracking pattern. The Contractor 
shall furnish and apply water to check stations, as directed by the Engineer, to v~rify that 
the specified crack pattern is being maintained. This will normally be once a day. 
Furnishing and applying this water will be incidental, and it will not be paid for separately. 

Cracking equipment shall not be operated on a bridge, and _areas in a bridge approach 
section or within 3 feet of a fixed object shall not be cracked. · 

Before opening to traffic, areas of cracked pavement shall be seated then cleaned of loose 
or spalled material by sweeping and by blowing joints and cracks with compressed air. 
This cleaning shall be repeated, as necessary, until the ACC resurfacing is placed. 

2216.05 PAVEMENT SEATING. 
Seating of the cracked pavement shall be done as shown in the contract documents and as 
required by the Engineer. 

The cracked pavement shall be rolled until seating of the cracked pavement is assured to 
the satisfaction of the Engineer. The intentions are to weight the rotter such that 
satisfactory seating can be reasonably assured by one complete coverage by the rotter and 
to accomplish seating with a minimum damage to aggregate interlock at the cracks. The 
weight of the roller and the rolling pattern, including laps, will be established by the 
Engineer, based on one or more initial test sections. 

2216.06 LIMITATIONS_ 
The Contractor shall use every reasonable means to protect persons and vehicles from 
injury or damage that might occur because the Contractor's operations. During the 
construction, the Contractor shall provide traffic control as required by the contract 
documents. Articles 1107 .08 and 1107 .09 shall also apply. 
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The road shall be kept open to traffic. Except when an accelerated work schedule is 
required, no work will be permitted on Sundays and holidays. The Contractor may restrict 
traffic to one lane from 1/2 hour after sunrise to 1/2 hour before sunset but shall permit 
traffic to pass safely at all times, except for occasional, unavoidable interruptions. 
Equipment shall not extend into a lane open to traffic except the minimum distance 
necess~ry to perform the required work in the closed lane. 

This work should be carefully staged to minimize the time public traffic is to drive on 
pavement where the pavement work is only partially completed. The removal_of existing 
ACC overlay shall not be started more than 2 weeks before the succeeding operation is 
scheduled to begin. The pavement cracking shall not be started more than 2 weeks before 
the overlay operation of the cracked and seated area is scheduled to begin. 

Cracked and seated areas are to be overlaid with the full thickness of ACC. required by the 
contract, before a winter suspension. 

The Contractor's attention is directed to Article 1105. 12. If the operation of the seating 
roller over a culvert is to be restricted according to Paragraph G, this will be designated in 
the contract documents. 

2216.07 METHOD OF MEASUREMENT. 
The Engineer will calculate the area of cracking and seating, satisfactorily completed, from 
the length and the nominal width. For areas cracked and seated according to the contract 
documents, the quantity shown in the contract documents will be used. 

2216.08 BASIS OF PAYMENT. 
For the number of square yards of cracking and seating completed, the Contractor will be 
paid the contract price per square yard. This payment will be full compensation for 
cracking and seating and for furnishing all materials, equipment, and labor. 
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